IMPACT OF 4-NONYLPHENOL ON TESTOSTERONE PRODUCTION IN MICE LEYDIG CELLS

INTRODUCTION
A number of man-made chemical compounds, often referred to as xenobiotics have been shown to have hormone-like activity. These hormone-like compounds are also referred as environmental endocrine disrupters. Endocrine-disrupting chemicals interfere with the synthesis, metabolism, or action of hormones. Continuous exposure of these types of compounds induces problems in humans and animals health (Nimrod and Benson, 1996) . Alkylphenols are potential endocrine-disrupting chemicals widely used as plastic additives and surfactants. Alkylphenol ethoxylate (APEO), consisting of approximately 80% nonylphenol ethoxylate (NPEO), has been proven as an endocrine disruptor. Nonylphenol ethoxylates are nonionic surfactants found in plastics, latex, and paints. The primary degradation product of NPEO is nonylphenol (NP). Actually, NP consists mainly of a mixture of para-subsituted mono-alkylphenols with various isomeric nonyl groups. The theoretical number of possible NP isomers is 211 (Hawrelak, et al., 1999) . NP is one of the most abundant APEO derivatives and has been shown to stay biologically active for a longer period of time in the body that endogenous estrogens (Tapiero et al.,
2002).
NP has been found in polyvinyl chloride, which is used in the food processing and packing industries and may contaminate water flowing through polyvinyl chloride pipes. NP has also been detected in food products, marmalade, butter, tomatoes. Many studies have classified NP as hazardous to the health of human and animals, especially to male reproduction (Junk et al., 1974). In the exposure of NP on the male reproductive system was observed reduced reproductive organ weights, decreased sperm production and testicular abnormalities. Since these endpoints are sensitive to hormone levels, particularly the level of testosterone. However, its mechanisms are not fully understood (Lee et al., 1999). Testis is the target organ for most male reproductive toxicants. Leydig cells are located in the testicular interstitium. They are situated between seminiferous tubules in testis and they have spherical shape. They are an important part development of male reproductive organs and male reproduction (Habert and Picon, 1982).
The main function of Leydig cells is androgen production especially testosterone (male sex hormone). This hormone is responsible for the maintenance of spermatogenesis and secondary sexual characteristics in the male. During steroidogenesis, the substrate cholesterol is converted to testosterone through a Nonylphenol (NP) is an important environmental toxicant and potential endocrine disrupting chemical. It is also the primary final biodegradation product of nonylphenol polyethoxylate, a non-ionic surfactant that is frequently incorporated into detergent formulation. Several studies have reported adverse effects of NP on the male reproductive system, including hormonal changes and testicular abnormalities. However, its mechanisms are not clearly understood. In the present study, experiments were performed to examine the effects of 4-nonylphenol on the testosterone production in mice Leydig cells. Interstitial (Leydig) cells were cultured with addition of 0.04, 0.2, 1.0, 2.5 and 5 µg/mL of 4-nonylphenol and compared with control. Concentrations of testosterone in the media were determined using enzyme linked immunosorbent assay (ELISA). Hormone production significantly (P<0.05) increased at 1.0, 2.5 and 5.0 µg/mL of 4-nonylphenol concentrations. Results of the study indicated dose-dependent increases in testosterone production of interstitial (Leydig) cells following a 48 h in vitro 4-nonylphenol exposure. Further investigations are required to establish the biological significance and possible reproductive implications.
Nonylphenol at concentration as low as 0,1 µg/L evokes a public health risk. Several studies have describes effects of NP on steroidogenesis of Leydig cells with an increase at low concentrations and a decrease at high concentrations. The intratesticular mechanism by which NP modulates steroidogenesis has not been well defined but it can be partially explained by the activation or inhibition of the enzymes required for the biosynthesis of testosterone in Leydig cells, including CYP11A1, 3β-HSD and 17β-HSD (Laurenzana et al., 2002; Payne and Sha, 1991).
In the present study interstitial (Leydig) cells were isolated from testes of male mice. Qualified isolation of these cells is very important for primary culture, which lays the foundation for and play a key role in all research in this field. We used interstitial (Leydig) cells as an in vitro model system for detection toxic effects of 4-nonylphenol at various concentrations on the steroid hormones production.
MATERIAL AND METHODS
Interstitial cell preparation and incubation
Interstitial cells were prepared and cultured from testicles of the male mice. These cells were isolated by mechanical dissociation without enzyme treatment as previously described be Stoklosowa (1982), with slight modification. In brief, decapsulated testicles were placed on a nylon sieve over a beaker. Then, with the help of a 10 mL syringe and needle (Luer 22G), interstitial cells were rinsed out with a vigorous stream of minimum essential medium (MEM, live technologies, Bratislava, Slovak Republic) without serum and collected in a beaker placed on ice, underneath the sieve. After centrifugation (300 x g, 4ºC, 10 min) the cells were washed twice, resuspended, and diluted to 10 6 cells/mL in the culture medium (MEM) supplemented with 10% fetal bovine serum (FBS; BiochromAG, Berlin, Germany), 100 IU/mL penicillin, and 100 µg/mL streptomycin (SigmaAldrich, Bratislava, Slovak Republic).The cell suspension was plated (with final volume of 500 µL/well) into sterile 24-well plates (Nunclon, Denmark). Interstitial cells were treated for 48 h in MEM medium that contained different concentration of 4-nonylphenol (4-n-NP; Fluka, Buchs, Switzerland), 0.04; 0.2; 1; 2.5; 5 µg/mL. All incubations were carried out at 34ºC under a humidified atmosphere of 95% air and 5% CO2. After respective cell treatments, culture media were removed and frozen at -20ºC until testosterone determination.
Quantification of testosterone
After 48 h of 4-nonylphenol exposure, cell culture medium was collected from all the wells and centrifuged in eppendorf tubes. After centrifugation the supernatant was stored at -20ºC. Determination of testosterone was performed by enzyme linked immunosorbent assay (ELISA). The ELISA kits were used for quantitative determination steroid hormones. These kits were purchased from Dialab (testosterone Cat. # K00234, Austria). The samples were measured at wavelength 450 nm.
Statistical Analysis
Obtained data were statistically analyzed using GraphPad Prism 3.02 (GraphPad Software Incorporated, San Diego, California, USA). Descriptive statistical characteristics (minimum, maximum mean etc.) were evaluated. One way analysis of variance (ANOVA) and the Dunnett´s multiple comparison test were used for statistical evaluations. The level of significance was set at ***(P<0.001) ** (P<0.01) and * (P<0.05).
RESULTS AND DISCUSSION
The interstitial (Leydig) cells were exposed to five different concentrations of 4-nonylphenol for 48 h. Various concentrations of 4-nonylphenol showed a possible impact on the testosterone production. Our data show increased testosterone production in whole applied concentration range. Testosterone production was significantly (P<0.05) increased at the 1.0 µg/mL concentration of 4-nonylphenol. Hormone production also significantly (P<0.05) increased at higher concentration (2.5 and 5.0 µg/mL). Results of the study indicated dosedependent increases in testosterone production of interstitial (Leydig) cells following a 48 h in vitro 4-nonylphenol exposure. Results are shown in the figure 2.
Effect of 4-nonylphenol on the basal testosterone production of mouse Leydig cells Testosterone production in cell culture medium was examined and the ultrastructure of Leydig cells was observed under electron microscope. Study showed that testosterone secretion was inhibited at higher doses and electron microscopy disclosed that the endoplasmic reticulum of Leydig cell swells, which might indicate the reduction of testosterone biosynthesis (Zhang et al.,  2003) . Close attention has been paid to the alterations on the normal functioning of the endocrine system by EDCs and thereby adverse reproductive consequences, including a decline in reproductive capability (Carlsen et al., 1992).
CONCLUSION
The action of endocrine disrupting chemicals on Leydig cell function and the reproductive potential is a complex process that depends on the dose, the developmental stage of the exposed target organism and many other factors. Some authors investigated the toxic effects of nonylphenol on various types of cells. In our study, we found that the 4-nonylphenol showed effect on mice interstitial (Leydig) cells. We may conclude that some experimental concentrations of 4-nonylphenol significantly increased the testosterone production of these cells after 48 h of cultivation. Further investigations are required to establish the biological significance and possible reproductive implications.
